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(57) ABSTRACT 

An image processing system including an image encoder 
and image decoding system is provided. The image encoder 
system includes an image decomposer, a block encoder, and 
an encoded image composer. The image decomposer 
decomposes the image into blocks. The block encoder Which 
includes a selection module, a codeWord generation module 
and a construction module, processes the blocks. Speci? 
cally, the selection module computes a set of parameters 
from image data values of a set of image elements in the 
image block. The codeWord generation module generates 
codeWords Which the construction module uses to derive a 
set of quantized image data values. The construction module 
then maps each of the image element’s original image data 
values to an index to one of the derived image data values. 
The image decoding system reverses this process to reorder 
decompressed image blocks in an output data ?le. 
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FIXED-RATE BLOCK-BASED IMAGE 
COMPRESSION WITH INFERRED PIXEL VALUES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part applica 
tion of Ser. No. 09/351,930 ?led Jul. 12, 1999, Which is a 
continuation of Ser. No. 08/942,860 ?led Oct. 2, 1997, now 
US. Pat. No. 5,956,431 issued Sep. 21, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to image 
processing, and more particularly to three-dimensional ren 
dering using ?xed-rate image compression. 

[0004] 2. Description of Related Art 

[0005] Conventionally, generating images, such as realis 
tic and animated graphics on a computing device, required 
tremendous memory bandWidth and processing poWer on a 
graphics system. Requirements for memory and processing 
poWer are particularly true When dealing With three-dimen 
sional images. In order to reduce bandWidth and processing 
poWer requirements, various compression methods and sys 
tems have been developed including Entropy or lossless 
encoders, Discrete Cosine Transform (“DCT”) or ] PEG type 
compressors, block truncation coding, and color cell com 
pression. HoWever, these methods and systems have numer 
ous disadvantages. 

[0006] Entropy or lossless encoders include IJempel-Ziv 
encoders Which rely on predictability. For data compression 
using entropy encoders, a feW bits are used to encode most 
commonly occurring symbols. In stationary systems Where 
probabilities are ?xed, entropy coding provides a loWer 
bound for compression than can be achieved With a given 
alphabet of symbols. HoWever, coding does not alloW ran 
dom access to any given symbol. Part of the compressed 
data preceding a symbol of interest must be ?rst fetched and 
decompressed to decode the symbol, requiring considerable 
processing time and resources, as Well as decreasing 
memory throughput. Another problem With existing Entropy 
methods and systems is that no guaranteed compression 
factor is provided. Thus, this type of encoding scheme is 
impractical Where memory siZe is ?xed. 

[0007] Discrete Cosine Transform or JPEG-type compres 
sors alloW users to select a level of image quality. With DCT, 
uncorrelated coef?cients are produced so that each coef? 
cient can be treated independently Without loss of compres 
sion ef?ciency. The DCT coef?cients can be quantiZed using 
visually-Weighted quantiZation values Which selectively dis 
card least important information. 

[0008] DCT, hoWever, suffers from a number of shortcom 
ings. One problem With DCT and JPEG-type compressors is 
a requirement of large blocks of pixels, typically, 8x8 or 
16x16 pixels, as a minimally accessible unit in order to 
obtain a reasonable compression factor and quality. Access 
to a very small area, or even a single pixel involves fetching 
a large quantity of compressed data; thus requiring increased 
processor poWer and memory bandWidth. A second problem 
is that the compression factor is variable, therefore requiring 
a complicated memory management system that, in turn, 
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requires greater processor resources. A third problem With 
DCT and JPEG-type compression is that using a large 
compression factor signi?cantly degrades image quality. For 
example, an image may be considerably distorted With a 
form of ringing around edges in the image as Well as 
noticeable color shifts in areas of the image. Neither artifact 
can be removed With subsequent loW-pass ?ltering. 

[0009] A further disadvantage With DCT and JPEG-type 
compression is the complexity and signi?cant hardWare cost 
for a compressor and decompressor (“CODEC”). Further 
more, high latency of a decompressor results in a large 
additional hardWare cost for buffering throughout the system 
to compensate for the latency. Finally, DCT and JPEG-type 
compressors may not be able to compress a color keyed 
image. 

[0010] Block truncation coding (“BTC”) and color cell 
compression (“CCC”) use a local one-bit quantiZer on 4><4 
pixel blocks. Compressed data for such a block consists of 
only tWo colors and 16-bits that indicate Which of the tWo 
colors is assigned to each of 16 pixels. Decoding a BTC/ 
CCC image consists of using a multiplexer With a look-up 
table so that once a 16-texel (or texture element, Which is the 
smallest addressable unit of a texture map) block (32-bits) is 
retrieved from memory, the individual pixels are decoded by 
looking up the tWo possible colors for that block and 
selecting the color according to an associated bit from 16 
decision bits. 

[0011] Because the BTC/CCC methods quantiZe each 
block to just tWo color levels, signi?cant image degradation 
may occur. Further, a tWo-bit variation of CCC stores the 
tWo colors as 8-bit indices into a 256-entry color lookup 
table. Thus, such pixel blocks cannot be decoded Without 
fetching additional information Which may consume addi 
tional memory bandWidth. 

[0012] The BTC/CCC methods and systems can use a 
3-bit per pixel scheme Which stores the tWo colors as 16-bit 
values (not indices into a table) resulting in pixel blocks of 
six bytes. Fetching such units, hoWever, decreases system 
performance because of additional overhead due to memory 
misalignment. Another problem associated With BTC/CCC 
methods is a high degradation of image quality When used 
to compress images that use color keying to indicate trans 
parent pixels. 

[0013] Therefore, there is a need for a system and method 
that maximiZes accuracy of compressed images While mini 
miZing storage, memory bandWidth requirements, and 
decoding hardWare complexities. There is a further need for 
compressing image data blocks into convenient siZes to 
maintain alignment for random access to any one or more 
pixels. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides for ?xed-rate block 
based image compression With inferred pixel values. An 
image processing system includes an image encoder engine 
and an image decoder engine. The image encoder engine 
includes an image decomposer, at least one block encoder, 
and an encoded image composer. The block decomposer 
decomposes an original image into a header and a plurality 
of blocks Which are composed of a plurality of image 
elements or pixels. The block encoder subsequently pro 
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cesses each block. The block encoder includes a selection 
module, a codeWord generation module, and a construction 
module. Speci?cally, the selection module computes a set of 
parameters from image data values of each set of image 
elements. The codeWord generation module then generates 
codeWords Which are reference image data values such as 
colors or density values. Subsequently, the construction 
module uses the codeWords to derive a set of quantiZed 
image data values. The construction module then maps each 
of the image element’s original image data values With an 
index to one of the derived image data values. Finally, the 
codeWords and indices are output as encoded image blocks. 

[0015] Conversely, the image decoder engine includes an 
encoded image decomposer, at least one block decoder, and 
an image composer. The image decomposer takes the 
encoded image and decomposes the encoded image into a 
header and plurality of encoded image blocks. The block 
decoder uses the codeWords in the encoded image blocks to 
generate a set of derived image data values. Subsequently, 
the block decoder maps the index values for each image 
element to one of the derived image data values. The image 
composer then reorders the decompressed image blocks in 
an output data ?le, Which is forWarded to a display device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a block diagram of a data processing 
system, according to an embodiment of the present inven 
tion; 

[0017] FIG. 2 is a block diagram of an image processing 
system; 

[0018] FIG. 3A is a block diagram of one embodiment of 
an image encoder system; 

[0019] FIG. 3B is a block diagram of an alternative 
embodiment of an image encoder system; 

[0020] FIG. 3C is a graphical representation of an image 
block; 

[0021] FIG. 3D is a graphical representation of a three 
dimensional image block; 

[0022] FIG. 4 is a block diagram of an image block 
encoder of FIG. 2A, 3A, or 3B; 

[0023] FIG. 5A is a data sequence diagram of an original 
image; 

[0024] FIG. 5B is a data sequence diagram of encoded 
image data of an original image output from the image 
encoder system; 

[0025] FIG. 5C is a data sequence diagram of an encoded 
image block from the image block encoder of FIG. 4; 

[0026] FIGS. 6A-6E are ?oWcharts illustrating encoding 
processes, according to the present invention; 

[0027] FIG. 7A is a block diagram of an image decoder 
system; 

[0028] FIG. 7B is a block diagram of one embodiment of 
a block decoder of FIG. 7A; 

[0029] FIG. 7C is a block diagram of an alternative 
embodiment of a block decoder of FIG. 7A; 
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[0030] FIG. 7D is a logic diagram illustrating an exem 
plary decoder unit, according to the present invention; 

[0031] FIG. 8A is a ?oWchart illustrating a decoding 
process of the image decoder of FIG. 2; 

[0032] FIG. 8B is a ?oWchart illustrating operations of the 
block encoder of FIG. 7A; 

[0033] FIG. 9A is a block diagram of a subsystem for 
random access to a pixel or an image block; and 

[0034] FIG. 9B is a ?oWchart illustrating random access 
to a pixel or an image block. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0035] FIG. 1 is a block diagram of a data processing 
system 100 for implementing the present invention. The data 
processing system 100 includes a CPU 102, a memory 104, 
a storage device 106, input devices 108, output devices 110, 
and a graphics engine 112 all of Which are coupled to a 
system bus 114. The memory 104 and storage device 106 
store data Within the data processing system 100. The input 
device 108 inputs data into the data processing system 100, 
While the output device 110 receives data from the data 
processing system 100. Although the data bus 114 is shoWn 
as a single line, alternatively, the data bus 114 may be a 
combination of a processor bus, a PCI bus, a graphic bus, or 
an ISA bus. 

[0036] FIG. 2 is a block diagram of an exemplary image 
processing system 200. In one embodiment, the image 
processing system 200 is contained Within the graphics 
engine 112 (FIG. 1). The image processing system 200 
includes an image encoder engine 202 and an image decoder 
engine 204. The image processing system 200 may also 
include, or be coupled to, an image source unit 206 Which 
provides images to the image encoder engine 202. Further, 
the image processing system 200 may include or be coupled 
to an output unit 208 to Which processed images are for 
Warded for storage or further processing. Additionally, the 
image processing system 200 may be coupled to the memory 
104 (FIG. 1) and the storage device 106 (FIG. 1). In an 
alternative embodiment, the image encoder engine 202 and 
the image decoder engine 204 are contained Within different 
computing devices, and the encoded images pass betWeen 
the tWo engines 202 and 204. 

[0037] Within the image encoder engine 202, images are 
broken doWn into individual blocks and processed before 
being forWarded, for example, to the storage device 106 as 
compressed or encoded image data. When the encoded 
image data are ready for further processing, the encoded 
image data are forWarded to the image decoder engine 204. 
The image decoder engine 204 receives the encoded image 
data and decodes the data to generate an output that is a 
representation of the original image that Was received from 
the image source unit 206. 

[0038] FIGS. 3A and 3B are block diagrams illustrating 
tWo exemplary embodiments of the image encoder engine 
202 of FIG. 2. The image encoder engine 202 includes an 
image decomposer 302, a header converter 304, one or more 
block encoders 306 in FIG. 3A (306a-306n, Where n is the 
nth encoder in FIG. 3B), and an encoded image composer 
308. The image decomposer 302 is coupled to receive an 
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original image 310 from a source, such as the image source 
unit 206 (FIG. 2), and forwards information from a header 
of the original image 310 to the header converter 304. 
Subsequently, the header converter 304 modi?es the original 
header to generate a modi?ed header, as Will be described 
further in connection With FIG. 5B. The image decomposer 
302 also breaks, or decomposes, the original image 310 into 
R numbers of image blocks, Where R is any integer value. 
The number of image blocks the original image 310 is 
broken into may depend on the number of image pixels. In 
an exemplary embodiment, the image 310 having A image 
pixels by B image pixels Will, typically, be (A/4)x(B/4) 
blocks. For example, an image that is 256 pixels by 256 
pixels Will be broken doWn into 64x64 blocks. In the present 
embodiment, the image is decomposed such that each image 
block is 4 pixels by 4 pixels (16 pixels). Those skilled in the 
art Will recogniZe that the number of pixels or the image 
block siZe may be varied. 

[0039] Brie?y turning to FIG. 3C, an example of a single 
image block 320 is illustrated. The image block 320 is 
composed of image elements (pixels) 322. The image block 
320 may be de?ned as an image region W pixels in Width by 
H pixels in height. In the embodiment of FIG. 3C, the image 
block 320 is W=4 pixels by H=4 pixels (4x4). 

[0040] In an alternative embodiment, the original image 
310 (FIG. 3A or 3B) may be a three-dimensional volume 
data set as shoWn in FIG. 3D. FIG. 3D illustrates an 
exemplary three-dimensional image block 330 made up of 
sixteen image elements (volume pixels or voxels) 332. 
Image block 330 is de?ned as an image region W voxels in 
Width, H voxels in height, and D voxels in depth. 

[0041] The three-dimensional volume data set may be 
divided into image blocks of any siZe or shape. For example, 
the image may be divided along a Z-axis into a plurality of 
xxyxZ siZed images, Where Z=1. Each of these xxyx1 images 
may be treated similarly With tWo-dimensional images, 
Where each xxyx1 image is divided into tWo-dimensional 
image blocks, as described above With respect to FIG. 3C. 
HoWever, decomposing the three-dimensional image into 
tWo-dimensional “slices” for compression does not fully 
utiliZe the graphical similarities that may exist in the Z 
(depth) direction in a three-dimensional image. To utiliZe 
such similarities, the volume data may be decomposed into 
a plurality of three-dimensional image blocks. It Will be 
understood that in alternative embodiments, other combina 
tions of W><H><D are possible, and may be more desirable, 
depending on the data being compressed. 

[0042] This type of three-dimensional image data is used, 
for example, in medical imaging applications such as ultra 
sound or magnetic resonance imaging (“MRI”). In such an 
application, a body part is scanned to produce a three 
dimensional matrix of image elements (i.e., image block 
comprised of voxels 320). The image is x voxels Wide by y 
voxels high by Z voxels deep. In this example, each voxel 
provides density data regarding characteristics of body tis 
sue. In ultrasound applications, each voxel may be provided 
With a brightness level indicating the strength of echoes 
received during scanning. 

[0043] In the embodiment of FIG. 3D, the original image 
310 is a three-dimensional data volume Where the image 
data are density values. In alternative embodiments, other 
scalar data types may be represented in the original image 
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310, such as transparency or elevation data. In further 
embodiments, vector data, such as the data used for “bump 
maps”, may be represented. 

[0044] Referring back to FIGS. 3A and 3B, each block 
encoder 306 receives an image block 320 from the image 
decomposer 302, and encodes or compresses each image 
block 320. Subsequently, each encoded image block is 
forWarded to the encoded image composer 308 Which orders 
the encoded image blocks in a data ?le. Next, the data ?le 
from the encoded image composer 308 is concatenated With 
the modi?ed header from the header converter 304 to 
generate an encoded image data ?le that is forWarded to an 
output 312. Thus, the modi?ed header and the encoded 
image blocks together form the encoded image data that 
represent the original image 310. Alternatively, having more 
than one block encoder 306a-306n, as shoWn in FIG. 3B, 
alloWs for encoding multiple image blocks simultaneously, 
one image block per block encoder 306a-306n, Within the 
image encoder engine 202. Advantageously, simultaneous 
encoding increases image processing efficiency and perfor 
mance. 

[0045] The image data associated With the original image 
310 may be in any one of a variety of formats including 
red-green-blue (“RGB”), YUV 420 (YUV are color models 
representing luminosity and color difference signals), YUV 
422, or a propriety color space. In some cases, conversion to 
a different color space before encoding the original image 
310 may be useful. In one embodiment, each image block 
320 is a 4x4 set of pixels Where each pixel 322 is 24-bits in 
size. For each pixel 322, there are 8-bits for a Red(“R”) 
channel, 8-bits for a Green(“G”)-channel, and 8-bits for a 
Blue(“B”)-channel in an RGB implementation color space. 
Alternatively, each encoded image block is also a 4x4 set of 
pixels With each pixel being only 2-bits in siZe and having 
an aggregate siZe of 4-bits as Will be described further beloW. 

[0046] FIG. 4 is a block diagram illustrating an exemplary 
block encoder 306 of FIGS. 3A and 3B. The block encoder 
306 includes a quantiZer 402 and a bitmap construction 
module 404. Further, the quantiZer 402 includes a block type 
module 406, a curve selection module 408, and a codeWord 
generation module 410. 

[0047] Each image block 320 (FIG. 3C) of the decom 
posed original image 310 (FIGS. 3A and 3B) is received 
and initially processed by the quantiZer 402 before being 
forWarded to the bitmap construction module 404. The 
bitmap construction module 404 outputs encoded image 
blocks for the encoded image composer 308 (FIGS. 3A and 
3B) to order. The bitmap construction module 404 and the 
modules of the quantiZer 402 are described in more detail 
beloW. 

[0048] Brie?y, FIG. 5A is a diagram of a data sequencer 
or string 500 representing the original image 310 (FIGS. 3A 
and 3B) that is received by the block decomposer 302 
(FIGS. 3A and 3B). The data string 500 includes an ot-bit 
header 502 and a [3-bit image data 504. The header 502 may 
include information such as pixel Width, pixel height, format 
of the original image 310 (e.g., number of bits to the pixel 
in RGB or YUV format), as Well as other information. The 
image data 504 are data representing the original image 310, 
itself. 

[0049] FIG. 5B is a diagram of a data sequence or string 
510 representing encoded image data that are generated by 


















